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By E. “Barton Bell and Luoas J. D&Koster. . . ..

“. SUMMARY. ” . ..

An hxia~-flow fan was tested wlt.h 6, 9, 12, 18, and “
24 blades and with twb different blade seotions. The
ranga of contravene angle and blade angle wtthout contre-
Yaneg wag extended beyond the scope of the tests of the “
same fan. published tn NLCA Report .170.729.. The results
Indicated that suitable fan oontrol oould be aohieved
over a emall range of quantity coeffi.c”ient by varying-the
oontrayane angle; the highest effleienbles were ueually “
obtained “with the 12-blade fan; the rate of inoreame of
maximum preseure coefficient and corresporidlng torque
coefficient dropped with increasing eolldity~ and no large
dlfferenoee.were found for the two different blade ~ec-
tl.ons. . . .

. . Formulas are developed for computing llft ao?ffi-
cients from fan-characteristic data.. Lift coefflciente
are presented for the” condition of maximum fan-preeeure
ooefficlent .

INTRODUCTION

A doctorle dissertation covering a comprehensive in-
vaetigatlon of axial-flow fane on the basis of aerody-
namic theory by Curt Keller was publiehed in Switzerland
in 1934. This material wag trnnalated and abetraoted by”
Prof. Lionel S. Marke and ie available to American deelgn-
ere i.n reference 1. The report of an extensive experl- .
mental investigation.of single-stage axial blowers 3s given
in referenoe 2.

In connection with tests of airplnne ooollng systems,
the IVACA conduoted a seriee of tests on an axial-flow fan
with adjustable blades and oontravanes. The reeulte were
published as an advanoe restricted report in. 1941, whioh
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“ has been revised and published as reference 3. One faa,
with 24 blades of RX.T. S eeotion was tested over a llm-
ited range of blade and oontravane settings.

Because of the possibility that greater effidenoiee
might be obtained wi~h a smaller number of blades for fans
handling a large Volume of air at a low pressure rise,
tests have now been md.e with four lower solidittes. Some
cooling and duet installations require a wide range of op-
erating conditions that might be obtained by a ohange in
blnde angle. The mechanism required to oontrol the blade
angles tn a many-blada hub leads, however, to serious me-
chanical complications and tests were included to show
tmeffeot of ohanging the angle of the contravenes to oh-
taln this range of conditions.

The curves for the characteristics of a fan wit~out
contravenes have been extended to blade angles of 70 to
cover the conditions that will be encountered in installa-
tions An which the blades are directly attached to the
propeller spinner or make up the front fan of a“dual-
rotating pair.

The effect of airfoil section is shown by making
additional tests with blades of NAOA 6412 section. Air-
foils of this section have the maximum camber slightly
farther back from the leading edge than airfoils” of R.A.F.
6 section and have a maximum lift coefficient of 1.67 as
compared with 1.49 for the R.A,F. section. -..

SYMBOLS

The results given in thie report are presented in
terms of nondimensional ooeffioients, applicable to eimi-
lar axial-flow fans.

.

These coefficients are defined as follows:.“

cp=~
pn D

TuT=—
pnaDO

pressure coefficient

torq~ ooeffieient

l~Q
T =—

2m OT nD3
efficlenoy
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-. Q/nD= quantity coefficient

Tv
CT7 = — contravene torque coefficient

g PQa/D

x CL 2dL lift ooeffioient
= p~a~a .

where

AP

P“

n

D

T

Q

Tv

L

w

.ar

A

B

b

r

pressure rise aoroes fan, pounds per square foot

mass den~ity of air, sluge per cubio foot

rotational speed, revolutions per seoond

fan diameter, feet

torque, foot-pounds

quantity rate of flow, cubic feet per second

torque on contravenes

lift

velocity relative to the blades

molidlty at radlue r (Bb/2mr)

dlek area

number of bladee

blade width

radius to any point

The following additional symbols are ueed in the .
text and figuree.

R radius to cutside of fan (D/2)

‘o
- radius of hub (0.69R)

P

u solidity .“
Bb

1mR(l + ro/R )1

.- ----



torque on blades

angular momentum in air stream

velocity

pressure Increment across blades

pressure inoremont acrose vanes

stream angle betwoea contravenes and blades, degrees

blade ang~e at 0.714R, degrees

angle betwoon lift and resultant-force vectors,
dogroes

anglo between piano of rotatlcn and velocity of air
relative to blades, degrees.

angle of stagger, degrees

contravene angle at 0.714R, degrees

final stream twist angle (average), degrees

APPARATUS

The test apparatus was essentially the same as that
of referenco 3. Figure 1 shows the hubs with the vari-
ous numbers of blades. Fcr the tests of five solidifies
a 24-blade hub ‘was used with 24, 12, and 6 blades and an
18-blade hub was used with 18 and 9 blades. The oorre- .
spending solidifies are:

Number of blades, solidity,
B a

6 0.21
9 .32

12 .43
18 .64
24 .86

In order to minimize the effects of unavo~dable dif-
ferences in blade eetting, the tests for the highest
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eollditles were made firqt. Lower-Bolidity teeta were
.“ - th6ii““madeby”r”erno~lhg-the appropriate blades and substitut-

ing steel pluge, whloh gave surfaces flush with the hub.
The blades remaining for”the low-solidity tQsts wero thus “

3 undisturbed from their original setting.

! The original blades ueed in the fan In the tetate re- .
ported in reference 3 are of R.A.I’. 6 section with a maxi-
mum thickness of 12 peroent of the chord. rnaoh blade-has
a straight twist of 2° per inoh of blade length and IS not
tapered. For the tests reported herein, 24 additional
blades were made similar in all respects to the original
cries but of NACA 6412 airfoil section. (See fig. 2.)

“ TESTS

As in reference 3, R1l tests were run ,at n speed of
3600 rpm except for crises in which the torque would ex-
ceed 36.5 foot-pounds; tests in this range were run at
mnximum “torque.

With a blade ~ngle of 25° and with the R.A.l’. 6 blade
section~ a series of te6tS WP.S made for contrnv~ne anglea
rnnging from40° to 115°. The nngles were me$?mlred with
respect to n plane gerpondlculnr to the axis of the fan.
Angles 10ss th=.n 90 indic~to thnt the contravenes were
turning the air agains~ the rotation of tho blades; for
.nngles gronter th~n 50 the air wae turned in the direc-
tion of tho blade rotation.

Tests wore run nt the five soliditios for both air- .
foil sections for blade angles of 25°, 35°, and 45° with-
out contrava~es and for a blnde nngle of 25° with contra-
vfanes set 70 .

Tests wero RISO run with 24 blades and no contravenes
at blado angles from 20° to 700 for the R.A.3’, 6 blade soo-
tion and from 2@to 66° for tho NACA 6412 blade section.

~suLTs ~~J) DISCUSSION

Extended oontra vane ln~ .- The results of the tests

on oxtendod contravano sngles are given In figures 3, 4,
and 5. Test points s.ro omitted from theso ourves for the

.— .— -— —
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0k3ko of o~arity. In figure 6 the-values of Op, CT, m,
and Q/nD have been plotted against fb for the eondltion
of maximum -effioienoy. The effloienoy between the values
Of @=55 °and@= 86° is reasonably satiafaotory.
The~e same coeffioionts have been plotted In figure 7 for
the condition of maximum Cm. There appears to ba a stall

in the oontravaneg at come ~oint between ~ = 50° and P =
40°. This stall has probably oaused an excessive pres-
sure drop through the contravenes and thereby decreased
the fan presmre coefficient.

.-

I?or a fan operating at a fixed Q/nD=, considerable
variation of pressure and torque oan be obtained by vary-
ing the contravene angle. For example, a fan operating

at a Q/nD3 of 0.45 with 25° blade angle, the pressure
coefficient can be varied from 2.46 at

@ = approxlmRtely 100°.
@ = 50° to almost

zero at There would, at the same
time, be n decre~ae in torque coefficient from 0.228 at “
g= 50° to 0.06 at @ = ~pproxlmately 100°. The effi~
ciency will be greater than 80 percent between @=55,

CP = 2.35 and g = 790, CP = 1.4 and wi,ll drop off rap-

iiilyas P Ixicreia... . The torque and pressure, however,
will also drop off rapidly, with the result that the
wasted power is very small.

Although these tests have been run at only one blade
angle, the sama general trend would probably take place
nt any othor blado ~nglo. A fan designed with controllable
contravanos would have n ~Rlrly satisfactory means of pres-
sure control if tho Q/nD rango woro not too great.

Effect of sol iai~ .- The results of the solidit~ tests
nre presented In figures 8 to 39. Curves for the R.A.F. 6
section are given in groupa of three showing v~riation of

CP ‘ CT s and V with Q/nD3 for different blade nnglee

in figures 8 to 19; simil~r curvas for the liACA 6412 aeo-
tion ara given In figures 20 to 31. The varimtion with
solidtty G of CP ‘ CT, Q/nD3, nnd TI for the twe

max
aectiona are shown in figures 32 to 39.

The curves of CP and CT ag~inat Q/nD= for the
different blRde angles nnd both blade sections definitely
show thRt the slope of these curves changes with solidity.:

The Q/nD3 for Cp = O nnd CT” = O nlso decreases with “
Increasing solidity. This decrease might be attributed to

.- .- 1
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the Inoreased blecktng of the lmrgpr number of blades.
The best effiolencles. were obtained .for...thp,,g-0?.k2- .
blade fan. In most c~ses the efficiency for the 24-blade
fnns was 4 or 5 percent less than the maximum. There wms “
little diffbren”ce between the two blade Seotions In thp
trend of efflcleney for different numbers of blades, rig-
ures 32 to 39 w“ero cross-plotted from the other figures
for the con~3tion of maximum pressure coefficient, When
those curves were oross-plott”od, It wns roallzod thnt the
blade angles for the 18- R“nd 9-blade tests might have
boon sllghtly different from’ tho blade angles for the 24-S
12-, and 6-bl~da tests bocauso of the difficulty of ac”ou-
ratoly tsotti”ng.tho blRdos.

Thoso curves show thnt while “
Cpmax

Inoroases with

solldlty for nll the cnsos tested, tho slope cf the curms
is docronslng. Tests hqvo not baon m~ds for q sufficient-
ly high solidity to wmrrant tho assumption thmt, beyond a
certain solidity, no incroaso in pressure can ho oxpocted.
With the cixcoption of curves for B = 45°, no contrn-
Vanes, the vnri~tion with ~olidtty $s praoticnlly the same
for both blndo sections. Tio officioncy at

Cpmax
shows

tho VRIUO of contr~v~nos at high solidity.
Itlos,

A% ~OW 8ol~d-

hi~hor officioncy IF obtnlnod without contr~vnnes,
bocmuso tho contr~v~ncs lbscrb too lrrge z part of tho fan
prossuro rise.

Extcndod blndo._-gcle test.- Tlgures 40, 41, nkd 42
show tho San ch~.r~.ctorlstlcs without contravenes, with
R.A.I’. 6“bl~.do sections, for ~l?de angles from 20° to 70°.
SiiUilar results for tLe ITACA 5412 blnde Section Rro shown
in figures 43, 44, nnd 45. Tho curves are discontlnuod
at tho stall. ~or both blado 60Ct~OnSs the maximum pres-
suro oomos mt or near the stall up to ~ = 55 . Beyond
P = 55° tho mnximum pressure does not occur at the stall.
Thoro S.ppomrs to bo little cholco between the two bind.o
SeCtiOIIS, oithor on the bR6i6 of mizlximumpro6sIJrQ or on
tho bnsis of offlcienoy. Tkis stntomont cannot, howover,
be dofinitoly rondo with rospoct to afficienoy at the high
blndo ~nglos, bOCnU60 tho equipment did net pormlt the
test to reach tho point of maximum efflcionoy n.t angles
nbovo $ F 45°.

Z’iguros 46, 47, Rnd 48 show tho fan chnraoteristics
fog oporation with blades of NACA 6412 seet”lon”at @ =
70 . A comparison of those curves with those for tho
R.A.I?. 6 blndo seetion in roferonoe 3 Indioates n sllghtly
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higher efficiency with the R.A.F. 6 l)ladea and aleo a “
slightly higher maximum pressure except at high blade an-
glee.

As a check on the method of measuring pressures, a
manometer was conneoted to etatio orifioee on each talde
of the”fan. (he side of the manometer was connected to -
an orifice in the outer fan casing upstrean of the contrav-
enes; the other side was connected to two orifices down-
stream of the fan. One orifice was in the outer casing
and the other was In the cylindrical part of the hub fai.r-
ing. VallzeO Of CP were computed from the manometer

readings and are plotted ngalnet Q/nD3 In figure 49.
The curve was obtained by the nethod deecrlbed in refer-
enco 3. The orifices on the downstream side of the fan
will give statio pressure if there is no rotation in the
air stream, and the manometer will then give the truo
pressuro rise across the fan. ?ron the stream angloa for
the condition ~ = 25°, @ = 60°, the values from the
manomotor reading nro soon to fall on the curve near the
point whoro ~ = Oo. .

DETERMINATION OF LIFT CONI’I’ICIENT

In oriler to calculato the lift coefficient of an air-
foil , it is nooesaary to know the force on tho airfoil
~nd the direction and magnitude of the mean relative ve-
locity. The vector diagrsms for these forcee and veloci-
ties ere shown In figure 50. The determination of the
lift coefficient of n blnde section from fRn characterie-
tice must necessarily involve certnin assumptions. These
assumptions mainly concern the vari~tion of velocity,
torque, streRm angle, and pressure along the rndiua. The
velocity Is assumed to be constant over the disk Fire~.
This assumption mny be slightly In error due to offecte
of boundary layer nnd blnde-pitch distribution, but it
nppears to be the most prt=.ctic~l assumption. The torque
loRding is Rs,sumed to be ccnstant over the disk fires
both for the contravenes and for the blRdOS, thst 1s, the
torque per unit disk areR 1s constant aleng the rndius.
From these assumptions and observations of the stre~m an-
gle, n torque coefficient for the contr~venee can be com-
puted.

Determin~tfon of CTwa- The nondimensional coeffi-

cient is defined fls
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“llv
..--— .. . . .-. . . . . . CT; ‘= .

pQ=/D “

In order to determine .CTV,
g

iti in therefore neceaa~ry

T
to obtain Tv from the blower eharnateristlcta, . .

‘b “ ‘wCTv=—-
pQa/D ~

In order to evnlumte T~,

in the air streflm ie considered

the rotatiqn=l momentum

RnI
Ta =

J

r’? tan ~ pd$

“r.

Substitution and integration ~ive

[1 - (ro/Il)3J_ ~ .$
TS = ~ X —-—.—

3
tnn @

OTl [1 - (ro/R)a]a

Evaluation of the constnnts, where ro/R = 0.69,

Te
PQa

= 1.038 ~ tan *

Therefore,

CT
o~ = --1.038 tsn ~

v (Q/nD3~

gives .

.

(1)

The contrnvane torquo ooeff%cient CqIv WFLScompute-d “

from equation (1) for each test point of the rune with
contravnnee. Theee points were then arithmetically aver-
Pged for each cont~nvane engle. The nverages”of theee
rendinge ~.re plotted as points on the curve of figure 51.
A fni,red curve was then drawn through the polnte and val- “
ues from the fqired ourve were used in further CRICUIR- o
tions.

— - -- --- —- .-. — —— —--- ___ ._ ..-_ . —
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In the oaloul.atlons of the lift coefficients, some
operating condition must be chosen. In connection with
fnn design, the condition of mnxi.mum pressure is the
chief point of interest= In most cnsee the maximum pree-
Ruro occurred fit or nenr the et~ll. It WRB therefore de-
dided to oompute the OL of the blades for the oondition
af ‘P ●max

Determination of CL from torque ooneiderations.-

Oansider the increment of lift dL on an annulus of area
dA fit radius r,

CL =

dL =

2iUI.

pWaUrdA

“COB v
r sin(6 +.%)

If it is nssumed thnt d!tb =

2z~tu ~
CL E

00s ‘r
.—

ArpWaUrdA sin(tj + Y)

con6tnpte whore ro/B = 0.69 glvea

sin 6 tan e
tan e + tan Y

(2)

.
ti4n 6 =

tan 6 =

v

2“

I
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- ‘But krop ~jri~,idgration”of the. ro”t~t~ehal momentum,. .
“&Tv = Pv-’tan-g””paQ.,: ..- .“. “

. .
. . . TV .

t,an a u —. .
rVpQ ,

~.. .
.. ..b. . . .

.- . .

. . n“
.: . .

I..ttln..@..= ~ 1 - @Yx%.”~ “ ~ .. . ~“.. . . . . L.. . ..-
. . . . . . ,.

,. ~.82q CT
.: “ t“an..q=. . . . r/R

.:. . ., ..,.. .
. For t~p. ep-orat:ioq wlthou’t contrnvaneta, an annulus “at

rndiu~ r Is cbn~iderod nnd tan * is computed RB fol-
10WS:” . . ..-
1

. .

. . dTV:dT* ”.,
...’..’”

.
.

. -.

& ~ Tb :. . . . ~X2iir~r
. . . .

. . ..

.“From mo.me.ntu.m-‘cansldoratdon~, .dT~..= rV tan v pd~ .
.. .

.: .

“:tan$.()”.8~&X.
.“..-CT- . .

r]~“ (Q/nD3)s

. (5)

For opermtlon with oontravnnee, the ctentravano torquo
,coefficiont wns developed from observed values @f ~ by

—- —



12

equation (l). Bearranglng thifJ equation and aubstltuting
ii in equation (5) for–oondltlons-of

o~ o~
0.823 =

~ (Q/nD3)a (Q/nD’)a

OTV = O gives

1
x—

1.038

r/R = 0.854

The direotion of the inflow Peloolty is computod from
GTV by equatiOn (4), whteh giveo the streau angle ahead

of the blades m am a funotioa of r/R. This equation is
rigorous only for tho condition at which the blades have
tho propor pitoh distribution to givo a oon~tant torquo
diek loading. When OTV = O, for oxnmple, tho equation

would indicate that auo for all r/R vnluee. But ,
becaueo tho twist in the”blndee Is unehnnged from the de-
sign operating conditions, the angle wI1l be negative at
the root and positive at tho tip. At some pnrticulnr
radius, howover, tho Rngle will be zero, Re Indiented by
equation (4). The conputed final etrenm angle $ is ELISO
nseumod constant Rlong the radius. This aenumption will
be true for *=0. At other eonputed valuee of IJI, this
aesumptiori will not be true but ~ will vary along the
radius, nnd the computed vnluo will be the mean value.
Without oontravanos this di~tribution along the blades
can bo couputed from equation (5). If the two expressions
for final stream nngle nre equnted for CTV = 0. R value

r/R = 0.854 is found for whioh equntion (1) will give
~;o sane stroan anglo fts aomputed fron equation (5). At
this rp.dius, the vnlues of ~ ne computed from equntion
(5), nnd a as csomputod frou equation (4) will be Rpprox_
imatoly oorrect for all values of ~. This VRIUO of r/R
leInpproxinntely equnl to tho vnlue of r/E for whloh the
outeide and inmide disk arons nro equal. The vnlue for
o ual nrens im
)

r/R = 0.869. 0on90quently, a vnlue of
r B = 0.86 wnu taalootod as tho atfttlon for which to oom-
pute the value of t!L.

In tho oonputatlon of the lift ooofficionte for max-
imum preseuro coefftoieat, the values of CT , ‘P ‘ ~nd
Q/nD3 were piokod fron the fan curves. Theme values
were plottod flgninat B for oonditlon of oonetant @ and
u, against @ for oonstant B and tY, and against a
for constant fi nnd B. Values wero picked off theee
fairod curves fr~u which to oompute 0~. In all ca~en w



—
.

.,. - was oomputed from the value of dTv by equatton-(1-) or by
equation (5). A value @f tan Y = 0.06 was arbitrarily
assumed. This assumption may be In error but is of seoond-

~ ~ry Smporta&oe becauOe it doen not materially affeot the
value of .t3L.

T
The oomputed values df CL are plfi”tteflfor varicua

eollditief3 against tho stagger angle 0 “in figures 52 to
55. The stagger angle s is tlefinod an the angle bet.woen
the incoming air and the plane of the blades.

v
tan s =

tan s =

tan 0 =

mnD ~ + P tan a
R

.

1

1.293 ~ 1 + tan a
R Q/nD3

(6)

Determination cf CL from pressure cceffleients.- The-.— —— —..-
lift (soefficlent- on the bladoB may also be ammputed from
conglderatlon of the pressure measurements. The pressure
riBe aoroea the blndes 18 not, however, the total pressure
rise acrose tho fan but is equal to the proeisure rise
aoroes the fan plus the pressure drop aoross the oontra-
vanos,

fJPb = AP + bpv

If an annulus of the fan at radius r Is considered,

CL = 2aL

... pWsUrdA

%==’ Cos v “

00s (e + y)

.

..
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Evaluation of the constnnts (ro/R = 0.69) gives

r/R

[

Cp 1 .-1
CL=l.18 y

1

.tnn 0 sln em
0.339 ~ +— (7)

(Q/n~) ~coaaa l-t RnGtnn Y

For the condition of no coiitrnvnnes, a=O,

r/R c tan e sin e
cL = 0.40 ~ X&x

(Q/nD3) 1 - tnn 9 tan Y

(8)

Tho values of CL as computod from equation (8) ~re
Flso plottod In figuras 52 to 55. This method of comput-
ing CL from pressure characteristics 1s probably not so

accurate ns tho method from torque chnracteristlce. In tho
method of computing CL from pressure coefficients the
assumpt~on is mnd.e tha~ both thQ pressure and torque loading
are constant over the disk area. The calculation of pres-
sure drop through the contravenes neglects the drag of the
contravenes. .

If the two blade eections tested are compared on the
.“ basts of computed lift coefficients, the curves of fig-

ureo 62 and 54 show that the NACA 6412 section gi~ea a
higher CL

#
at the upper end of the stagger-angle range;

whereas the values are nearly equal or slightly higher for
the R.A.I’. 6 blade section at stagger angles below about - .
16° to.24°, dependin~ on the solidity.

In figure 53, the four points plottod at etagger an-
gles below 2° do not seem consistent with the rest of

. the curve. These va~uea were taken .froin teOta at blade “
angles of 10° and 15 . At these low blado angleO, there
is no definite stall nnd .no true maximum Cp. The stag-

ger angle cannot be small encugh actually to stall the
blades. The maximum limit on the angle botw~enw~~ blade
nnd the incoming air (S - s) .is “equal to 8=0,
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which is the condition of Q/nSZ= = O. The angle of the
air approaching the blades, therefore, oannot boqcome large
en~ugh to @tall them. When “Q/nb3 = O,,‘ the lift coeffi-
oie’nt $q I.pdetermlpate If any pressure is developed ar
torque Is absorhbd. .The”hasla assumptibne for aomputSng

“CL”” bbcome lnva~ld as thib condition Is approached. The
foregoing derivations for lift coeff aients are thus seen
to broals.down nt low trhlubs of”- 8Q/nD ., Pressure that is
“producod.with .ZIOair flow through the f~n is evidently tho
result of a circulation mround oachtindlvidual ”.blad-e.

. .

The excesslvo scatter of po”ints for the data taken
from te’sts with contravanoe,. as shown in figures 52 and 53,
is probably duo to variat~on from the assumed distribu.
tions of velocity, pressure, ~nd torque. In most cases
tho agroomont between calculations from pressure curves
and torquo curvee is 8~tfsfnctory.

Therci iEI nood for ndditionnl dntn from ai,rfoil ofts-
c%do toat~. with rospoct to lift coo.fflciant nnd nngle of
nttnck, from zero lift to tho wtnll and beyond to n point
correkpomding to zero quantity, for vnrious: sol.idltles
nnd various nirfoil sections.

SUHMARY 03’ RESULTS

Tests of m axlp.1-flow fan with 6, 9, 12, 18, nnd 24
blades of R.A.I’. 6 and NACA 6412 nirfoil section through
R rnngo of COIItI?FiVn.t18 and blade RnglOS indicate:

1. A chnnge in the contrRvano nngle was n suitmble
maans of controlling the prossuro output of n fan when
tho quantity rnngo of opormtion was small.

2. Tho 12-blndo fan gave the h3ghest efficiencies
in nearly nll c~soe.

3, The drng of tho oontrRvanes cnusod n falling off
of the efficiency nt low soliditios.

4. Tho angle of nttRok for soro pressuro and terquo
docroasod with Increasing eolidity.

5. Ho lnrgo difforonoes nppeared an the charnoteris-
tics of a fan with blndos of R.A.T’. 6 section nnd of
HAOA 6412 moctlon.

.,

——



.

6, The EAOA 6412 eectlon showed a slightly higher
computed llft eoeffioient than the R.~,F. 6 seotion for
moat conditions, but the difference was not of the order
Indicated by conventional airfoil tests.

7. At maximum pressure coefficient the lift ooeffi-
oient considerably deereased with lnoreaslng solldity.

Langley Memorial Aeronautloal Laboratory,
National Advisory Committee for Aeronautics,

Langley Tleld, ya.

1. Keller, Curt: The Theoryend Pcmformnce of Axial-
Ylow Fans.First cd., MoGraw-Hill Book Co., Inc,, lg37C

2. Rtiden,P,: Invostlgatton of Single Stage Axial Eans.
NACA TM ~0. 1062, 1944.

..

.

3. Bell, H. Barton: Test of a Single-Stage Axial-Flow
Tan. IUCA ROp. HO. 729, 1942.
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